ABSTRACT
Introduction
Approximately 1000 cases of esthesioneuroblastoma (olfactory neuroblastoma) have been reported in world literature since it was first described in 1924-amounting to less than 50 cases a year [1, 2] . Despite the lack of support for single-modality treatment regimens, a substantial number of patients are treated by surgery or radiotherapy alone, with some patients receiving cisplatinbased chemotherapy [2] [3] [4] .
Sodium phenylbutyrate (PB) is an FDA-approved drug for urea cycle disorders, and it is also indicated for the treatment of primary and recurrent glioma and acute promyelocytic leukemia [5, 6] . PB is partially metabolized in the human body into phenylacetate (PN) [7] . Both PB and PN have been extensively studied for their effect on neuroblastoma [8] . Integration of PB into neuroblastoma therapy has been highly recommended [9] . Previous studies reveal that PB has cytotoxic effect on human neuroblastoma, and that it can be combined with cisplatin in novel chemotherapy regimens [8] . PB is a histone deacetylase (HDAC) inhibitor. New publications recommend the use of such FDA-approved drugs for the treatment of neuroblastoma [10, 11] .
Here we report the treatment of esthesioneuroblastoma with PB as a single agent.
Case Report
A 66-year-old Caucasian female was admitted to Burzyn-ski Clinic (BC) on March 27, 2003, and was evaluated by Senior Oncologist Robert I. Lewy, M.D., F.A.C.P. She complained of fleeting pain in her forehead and left nasal ala, occasional positional dizziness, stiffness in the occipital area, productive cough with green discoloration, loose frequent stools from her previously diagnosed ulcerative colitis, stress incontinence, osteoarthritis in the large joints, left cheek numbness, and depression. She lost 14 lbs in five months, but she was able to carry on normal activity with effort and some symptoms of her disease (Karnofsky Performance Status 80). After smoking two packs of cigarettes per day for 16 years, she quit smoking in 1997. She reported alcohol intake of one to two drinks on occasion; and she denied intravenous and recreational drug use.
The patient was healthy until February 2002 when she developed a bout of epistaxis, which recurred in August, in addition to pain she developed in the left maxillary area. She initially saw her dentist and local physician and was subsequently referred to an ENT specialist in the department of otolaryngology at a local medical university, where a left ethmoid sinus tumor was discovered. In November 2002 she underwent endoscopic debridement with grossly positive margins. Pathology revealed an esthesioneuroblastoma. Her case was reviewed at an ENT tumor conference at the local medical university. The definitive diagnosis was esthesioneuroblastoma, grade 1, Kadish stage B. She was advised to consider tumor resection followed by radiotherapy.
During her evaluation for esthesioneuroblastoma, she was found to have a tumor in the upper lobe of the left lung. On December 13, 2002, she underwent a left upper lobectomy with pathologic findings of nonsmall cell, moderately differentiated adenocarcinoma with one peribronchial node positive for metastatic disease (T1N1M0, stage IIA).
Upon presentation to BC, the patient was in good general condition. Her physical examination was remarkable only for a large birthmark on the left shoulder and left chest wall and a recent 24 cm post-thoracotomy scar in the left subaxilla. Her laboratory tests, including CBC, electrolytes, liver and kidney function tests, blood clotting factors and urinalysis, were grossly within normal limits. Baseline MRI of the brain, with and without contrast, from February 8, 2003 , showed post-surgical changes consistent with resection of the left middle turbinate, a portion of the medial wall of the left maxillary anthrum, and multiple ethmoid air cells on the left side. Enhancing soft tissue mass was identified involving several remaining ethmoid air cells on the left side and, to a lesser extent, on the right side. The size of the lesion on sagittal images was 2.8 × 1.7 cm = 4.76 cm 2 . There was no evidence of intracranial metastatic disease. PET scan of the brain from March 28, 2003, revealed evidence of hypermetabolic changes at the base of the cranium in the anterior fossa in the region of the olfactory groove, bilaterally. There were also some changes in the anteriormost portion of the sphenoid sinuses extending into the region of the ethmoid area related to the patient's known lesion and surgical changes.
2) Nonsmall cell carcinoma of the lung, stage IIA, status post surgery.
3) Ulcerative colitis since 1990 (quite severe at one point; total colectomy recommended).
4) Mild mitral valve prolapse since 1977. 5) History of psoriasis. 6) Osteoarthritis.
The senior oncologist at BC advised the patient to consider chemotherapy with etoposide and cisplatin in addition to retinoic acid, but the patient refused this.
After serious consideration of all available options, the patient began treatment with PB on March 31, 2003, with the final dose at 2 g po 6x a day (0.2 g/kg/day). Upon return home to northern United States, the patient was supervised by her local oncologist with continuous monitoring by the physicians at BC. Her treatment course was uneventful (without significant adverse events reported). MRI from March 17, 2004 , revealed increased size of the lesion to 2.6 × 1.6 cm = 4.16 cm 2 . However, the tumor was still 13% smaller than the baseline measurement on MRI of February 8, 2003 . The treatment was discontinued on April 8, 2004 . As far as we know, the patient did not receive any further anticancer treatment, and she passed away on October 31, 2008.
Standard pharmacological treatment does not exist for esthesioneuroblastoma, which is a very rare malignant tumor. The patient decided not to have the extensive craniofacial resection which, according to scientific data, would not provide her any advantage of survival and would leave her seriously disfigured; and radiation ther- apy would render her blind. Her Kadish stage B esthesioneuroblastoma carried a median survival of 12.5 years without any treatment, whereas her lung cancer carried the median survival of approximately two years. The median survival for adenocarcinoma of the left upper lobe of the lung was slightly over two years (25 months). In this respect, the treatment with PB contributed to excellent long-term survival over five and a half years with very good quality of survival.
The effect of PB against lung cancer is documented only by preclinical data [12] [13] [14] [15] [16] [17] . The treatment with PB was the most logical choice for the patient's esthesioneuroblastoma. As documented by repeat MRIs, the patient obtained stabilization of her disease and near 50% decrease of her tumor size and did not suffer any adverse events. She discontinued the treatment more than 13 months after she was informed about her increased tumor size. Considering the coexisting diagnosis and complex cancer history, with two distinctly different malignancies, the patient obtained excellent duration and quality of survival with the use of single-agent PB.
Numerous publications describe the activity of PB and its metabolite PN against neuroblastoma. A number of studies reveal that PB has cytotoxic effects on human neuroblastoma, and that it could be combined with cisplatin in novel chemotherapy regimens. Additional studies support the activity of PN, which synergizes with retinoic acid in inducing differentiation of human neuroblastoma and is recommended for treatment [18, 19] . PN up-regulates retinoic receptor beta, which accounts partially for strong synergy between PN and retinoic acid against neuroblastoma [20, 21] . Administered as a single agent, PN induces differentiation in human neuroblastoma [22] . The important aspect of the activity of PN and PB could be mediated through a two-fold increase of the expression of the p21 tumor suppressor gene, as shown in Figure 2 . p21 inhibits cell cycle progression from G 1 to S and from S to G 2 phases. Activation of cyclin-D and CDK4 (cyclin-dependent kinase 4) maintains the undifferentiated phenotype of neuroblastoma and proliferation of malignant cells [23, 24] .
Cyclin-D and CDK4 promote G 1 /S progression. The entry to G 2 phase and crossing from G 2 to S phase is pro moted by a complex of cyclin-E and CDK2. p27 (KIP1) inhibits CDK2, but is sequestered by a complex of cyclin-D/CDK4 and is destroyed by ubiquitination. Removal of p27 permits activation through phosphorylation of cyclin-E/CDK2 and entry to the G 2 phase. Cyclin-D/CDK4 and cyclin-E/CDK2 are inhibited by p21. PN, which is metabolized from PB, doubles expression of the gene CDKN1A, which encodes p21 through demethylation of its promoter [24] . It is well understood that PB as a single agent is not sufficient to control esthesioneuroblastoma and nonsmall cell carcinoma of the lung over a long period of time. It is expected that a combination of PB with other anticancer drugs will provide better and longer control of cancer. 
